INTRODUCTION
As surface riches become scarce, and economic deposits are targeted undercover (Schodde, 2011) , mineral exploration becomes more challenging and reliant on the interpretation of potential field data to understand subsurface geology. In addition, drilling costs increase with depth, so accurate interpretations are critical.
Typically, any exploration program will take years to develop, implying that the consequence of an exploration decision may not be apparent without a significant time lapse. Consequently, given the time and cost required to acquire such experience in effective exploration decision making (Kahneman, 2011) , it becomes a major concern of how to retain such knowledge and transfer it to the next generation of explorers.
In other fields, knowledge transfer has been aided by the use of simulations, such as in the field of military (Page and Smith, 1998) , the aviation (Koonce and Bramble, 1998) and the medical industries (Scalese et al., 2008) . In particular, computer-based simulation has some empirical evidence that it contributes towards positive knowledge and skill transfer (Lintern et al., 1990; Gopher et al. 1994; Oritz, 1994; Lintern et al., 1997; Taylor et al., 1999) .
In mineral exploration, computer-based simulation has generally been applied to training courses such as the CLAIM software (Bauchau et al., 1996) and the FOREUR software (Beaudoin, 2011) . However, in both cases the simulation itself is restricted to drill surveys.
Our approach is to utilise holistic computer simulation of the exploration process as a training tool. The exploration simulator, exSim, provides an environment where users can develop their exploration strategies by quickly experiencing the consequence of their decisions in areas such as initial ground selection, geophysical survey choice and design, and drill test design. These decisions have financial impact on the budget, so the cost-benefit consequence of each decision should be considered.
In this paper, we present our ongoing research effort in developing exSim toward being an effective tool in training and knowledge transfer for exploration strategies.
EXSIM OVERVIEW
A typical greenfield exploration scenario begins with an initially available collection of low-resolution regional data, from which the user will need to peruse and select a potentially endowed area to explore further. There is built-in flexibility in exSim to specify what kind of data is initially available. This allows for custom designed scenarios that can vary in the level of geoscientific understanding the user initially has, and the size of the available budget at the beginning. Thus, this flexibility provides opportunity for users to experience a range of different deposit styles, and different commodities.
The user is then given freedom in the approach to exploring the selected area, with the provided tools of geophysical surveys, interpretation annotation, and drill testing. The scenario is concluded upon the user's submission of the locations of discovered deposits considered economical. In Figure 1 , the left side of the exSim interface shows the list of available low-resolution data. The right side of the interface contains survey parameter controls for conducting surveys and annotating interpretation.
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SIMLULATING POTENIAL FIELD DATA
A major component of exSim is the simulation of potential field data, currently magnetic and gravity. This allows for the user to specify survey parameters and quickly understand the consequences of the decisions used to acquire the data. More importantly, the trade-off of cost and high resolution data can be more immediately conveyed.
The simulation is based on sub-sampling a pre-defined ground truth. For example, a high resolution magnetic dataset, either synthetic or real world, provides the ground truth magnetic values along the sampling path (determined by flight path or ground grid parameters), which are then gridded with minimum curvature interpolation (Briggs, 1974) to produce a grid of simulated data. Note that the resulting data is usually gridded at a different cell size to the ground truth, in order to reduce the artefacts that can occur due to interpolation across large cell distances between data points. Figure 2 shows three results from simulating the acquisition of aeromagnetic data using various flight spacing parameters. This example illustrates the consequences of the choice of flight spacing, as the circular feature in the ground truth is not easily discernible in the first example with the largest flight spacing. As the flight spacing is reduced, and thus increases the cost, the circular feature becomes more and more pronounced. To add more realism to the simulation, a small variance is added to each sample point along the survey path, to emulate the natural variance in acquisition of geophysical data. Thus, subsequent surveys will not result in identical data.
The main limitation of this simulation method is that the highest user survey resolution is limited to that of the ground truth grid. However, should the provided ground truth be sufficiently high resolution, the user would pragmatically avoid over-spending on capturing high resolution data beyond (and thus including features smaller than) the features of interest.
INTERPRETATION ASSISTANCE TOOLS
To assist the user in understanding the data more effectively, and thus direct the next iteration of exploration decision making, exSim encourages a novel blending paradigm, along with some simple interpretation annotation tools.
Due to the uncertainty and human bias inherent in data interpretation (Bond et al., 2007) , exSim aims to increase interpretation confidence by encouraging simultaneous perusal of multiple datasets. To facilitate this, the interface is designed to promote quick and intuitive blending of grids, through the introduction of the blending wheel.
Once the desired datasets are selected, they are represented by symbols on the edge of the blending wheel. The user is given control of the blue dot cursor and dragging it within the circle results in a composite blended image with the relative weights determined by the position of the cursor. The resulting interaction with blending between multiple datasets provides opportunity to better utilise coherent (or incoherent) features between datasets. Figure 4 shows an example of a blended composite of three datasets. Note that the explorative movements of the user are vital to understanding the balance of blending between datasets. Contributions of features from images into the blend are poorly communicated in a static image. Simple vector tools to label linear and closed polygon features are also provided in exSim. Interpretation annotation is marked in a separate layer that is rendered on top of the datasets. This allows the interpretation to be marked using any of the datasets. These tools were designed to be kept simple, as the intention of exSim is not to replace current state-of-theart GIS systems. Rather, a robust import/export paradigm is supported in exSim to facilitate cooperation with other interpretation and modelling software that may be part of the user's usual workflow.
DRILL TESTING
Drill testing can be carried out at any time during a scenario, but it is expected to be most meaningful for the user to test their interpretation of an area. Furthermore, drill testing in exSim is the conclusive step to determine the presence of a deposit.
The simulation of the drill testing requires a 3D geological model as ground truth. Once the user designs and conducts a drill test, the corresponding costs are deducted, and the 3D cylindrical drill paths are calculated and the intersections with rock units in the geological model are noted. In other words, the drill core lithology is taken from 3D ground truth. Figure 5 shows an example of a simulated drill test, with the lithology of the drill cores displayed. In addition, a simple calculation of the geochemical properties of the geological rock units is used to produce concentration data of the commodity sought. The basis of the calculation uses a simple distance decay principle from endowed rock units. Figure 6 shows the same drill test as Figure 5 , but now displays the concentration of gold in the drill cores. Currently, this drill core and geochemical simulation is very simplistic. At most, this provides a proof of concept that will be built upon to provide better reflection of real world drilling. We will also consider different types of drilling beyond the assumed diamond drilling. In addition, the visualisation of the geochemical concentrations will be refined further.
CONCLUSIONS
First and foremost, exSim is designed to be a training tool, utilising computer simulation and an intuitive graphical interface to provide an environment where exploration decisions and consequences can be learned in an environment suitable for experimentation and immediate effects. Ultimately, exSim aims to effectively transfer some degree of exploration experience to the user in a short amount of time.
In ongoing and future research, exSim will be developed further as a training tool, with practical application and feedback. Going forward, exSim can also be tailored as a tool for industry, being particularly suitable to encapsulate historical case studies to allow review of, and even experimental deviations from, the exploration decisions that lead to a discovery. Lastly, the behaviour of user can be captured by logging and analysing the exploration decisions made, allowing research into quantifying good and bad exploration approaches.
